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Mill ions of d o l l a r s  and thousands of man-hours have been l o s t  as 
a r e s u l t  of p a r t i c u l a t e  contaminants. 
t he  e l e c t r o n i c s  industry,  newer techniques required newer standards of 
c l e a n l i n e s s ;  both were the  off-spring of newer requirements l a i d  down 
by the  aerospace program of the  National Aeronautics and Space Adminis- 
t r a t i o n .  
c o n t r o l  has been re f ined  and polished t o ' a  high degree of opera t iona l  
success. 
With the  burgeoning growth of 
I n  j u s t  a few shor t  years the s ta te  of the  a r t  of contamination 
A s  recent ly  as the  Korean War the army found t h a t  75% of i t s  
e l e c t r o n i c  equipment w a s  inoperable a t  any given t i m e  (Austin, 1965). 
S i m i l a r  consequences were reported by the o ther  m i l i t a r y  services .  Under 
the  added impetus of aerospace requirements, i t  was imperative t h a t  s tan-  
dards  f o r  c lean  rooms be establ ished.  
1963 proved t o  be a milestone year i n  the  f i e l d  of contamination 
control .  
Force f i r s t  published Tech. Order 00-25-203 i n  1961. Revisions and 
r e c l a s s i f i c a t i o n  brought out the  revised technical  order i n  1963. A t  
the  same time, the  Sandia Corporation of Albuquerque, New Mexico (a pr ime 
cont rac tor  t o  the Atomic Energy Commission) hosted a group of industry and 
government representa t ives  who developed guidel ines  appl icable  t o  problems 
of contamination control.  
rev ised  i n  the  summer of 1966 and released as FS 209a. I ts  objec t ive  is 
"to prescr ibe  a i r  c leanl iness  c lasses  and other  a i r  environmental condi- 
t i o n s  required f o r  achieving and maintaining the  l eve l s  of c leanl iness  
s p e c i f i e d  i n  the  product specif icat ion" (FS 209a, 1966). 
I n  order t o  e s t a b l i s h  cr i ter ia  f o r  i t s  own programs, the A i r  
The f i n a l  r e s u l t  w a s  Federal  Standard No. 209, 
The h i s t o r y  of c lean  room operations may be sa id  t o  have had i t s  
beginnings i n  the  last century with the  s t ruggle  of Semmelweiss t o  pro- 
mote c l e a n l i n e s s  i n  h o s p i t a l s  and t h e  work of Lister i n  developing and 
promoting aseptic techniques. 
garments and s t e r i l i z a t i o n  techniques have been gradual ly  accepted as 
s tandard i n  s u r g i c a l  su i tes .  However, where the  surgeon w a s  concerned 
only with the  cont ro l  of in fec t ious  agents,  t he  c lean  room worker was 
concerned with both v i a b l e  and non-viable p a r t i c u l a t e  matter. 
Over the  years improvements i n  instruments, 
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The importance of contamination con t ro l  i s  perhaps bes t  r ea l i zed  
by c i t i n g  spec i f i c s :  t h e  two square meters of s k i n  sur face  of a n  a d u l t  
may release up t o  30 mi l l i on  p a r t i c l e s  per sq. foo t ;  exercise w i l l  
increase  t h i s  shedding rate even more. 
duce one mi l l i on  p a r t i c l e s  per minute (Austin, 1966). 
r e a l i z a t i o n  t h a t  t he  human being i s  a continuous source of contaminants. 
To con t ro l  t h i s  source of contamination requi res  the  combined p ro tec t ive  
e f f e c t s  of proper c lo th ing ,  techniques, design and operation. 
Average body movements pro- 
Thus comes t h e  
The engineering cont r ibu t ions  t o  the  development and opera t ion  of 
c l ean  rooms have been phenomenal. 
p a r t i c u l a t e ,  air)  f i l t e r s  reduces contamination by g rea t e r  than 99%. 
Improved design and operat ion of v e n t i l a t i n g  systems have r e su l t ed  
i n  easier maintenance a t  lower cost .  Instruments fo r  de t ec t ion  of 
contaminants and f o r  checking the e f f i c i ency  of f i l t e r s  and c l ean  
room opera t ion  have been developed and ref ined.  Proper use of a i r  
showers, garments and s t r i c t  enforcement of r u l e s  have a l l  contr ibuted 
t o  the  successfu l  con t ro l  of contaminating pa r t i c l e s .  Newer techniques 
of packaging reduce the  number of contaminants re leased  during handling 
and p ro tec t  s e n s i t i v e  components from damaging humidity as w e l l  as dust .  
The use of HEPA (high e f f i c i ency  
Technological "feed-back" has  enabled the  medical profession and 
pharmaceutical indus t ry  t o  adopt techniques and methods o r i g i n a l l y  
designed f o r  t he  aerospace industry. Indeed, such techniques may be 
requi red  i n  the  f u t u r e  by the  cognizant f ede ra l  agencies. Surgical  
s u i t e s  b e n e f i t  from improved knowledge of v e n t i l a t i n g  techniques,  
non-shedding, s t a t i c - f r e e  garments and packaging and s t e r i l i z a t i o n  of 
instruments. Pharmaceutical houses have adopted c lean  room designs f o r  
t h e i r  f i l l i n g  and packaging operations. 
t h a t  personnel t r a in ing  and in-house regula t ions ,  r i g i d l y  cont ro l led ,  
can s i g n i f i c a n t l y  reduce p a r t i c u l a t e  "fal l -out .  I' 
Both b e n e f i t  from the  knowledge 
This bibliography on c lean  rooms w a s  compiled i n  an  e f f o r t  t o  con- 
s o l i d a t e  important developments for those persons involved i n  t h i s  
r a p i d l y  advancing f i e l d  of aerospace technology. 
c i t e d  are l a rge ly  of work related t o  NASA-sponsored research,  i t  is  
recognized t h a t  o ther  government agencies such as t he  Food and Drug 
Administration, t h e  Atomic Energy Commission, t h e  Bureau of Standards 
and t h e  Defense Department have supported research i n  c l ean  room prac t ices .  
Although t h e  re ferences  
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